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(57) Abstract 

A method and medical machine for calibrating a peristaltic pump (36, 39) intended to be used in connection with the medical machine, 
such as a dialysis machine. The machine comprises an internal fluid flow meter (18, 19). Fluid is introduced into the pump segment (36) 
and is pumped by the peristaltic pump at a substantially constant rotation rate. Three different inlet pressures are obtained and measured 
by a pressure meter (16) and the corresponding fluid flow is measured by the internal fluid flow meter (18, 19) for obtaining calibration 
pair values. A calibration curve is calcnlatrd from said calibration pair values by a computer (23) inside the medical machine. The actual 
fluid flow rate is determined by said computer (23) from said calibration curve based on the actual inlet pressure and the actual revolution 
rate of the propelling means. 
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5 DESCRIPTION 
TITLE 

METHOD FOR CALIBRATING A PUMP SEGMENT USED IN A PERISTALTIC 
PUMP AND A MEDICAL MACHINE ADAPTED FOR CARRYING OUT THE 
10 METHOD. 

FIELD OF INVENTION 

The present invention relates to a method for 
calibrating a pump segment used in a peristaltic pump and 
15 a device adapted for carrying out the method. 

The. invention is intended to be used within the 
medical field and particularly in connection with hemo- 
dialysis, hemodiafiltration and hemof iltration. It is 
however clear for the skilled person that the invention has 
20 many other fields of application, e.g. dialysis in general. 

PRIOR ART 

It is well known that the flow rate obtained from 
a peristaltic pump depends on many factors such as pump 

25 speed, elasticity and diameter of the pump segment and the 
pressure upstreams and downstreams of the pump. 

When such a peristaltic pump is used in connection 
with a dialysis machine, such as GAMBRO AK100, including a 
peristaltic pump, the flow through the peristaltic pump is 

30 calculated as being proportional to the revolution rate of 
the pump. To obtain the flow rate, the revolution rate is 
multiplied by a calibration factor which is dependent on 
inter alia the inner diameter of the pump segment used. 
This can lead to substantial errors in the fluid flow as 

35 presented on a display of the dialysis machine. This is 
especially true at larger flows, where the pressure 
upstreams of the pump can be very low. 
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The above mentioned dialysis machine, GAMBRO AK 100, 
includes an option to include a pressure meter just 
upstreams of the peristaltic pump instead of a pressure 
monitoring arrangement which otherwise is standard. 
5 GAMBRO AK 100 machine is further provided with a 

safety coupling, to which the dialysis fluid tubes are 
connected during cleaning of the dialysis fluid circuit in 
the monitor. As will appear below, such a safety coupling 
can advantageously be used when carrying out the present 
10 invention. Examples of such safety couplings are described 
in US Patents Nos. 4 122 010 and 4 728 496. Moreover, US 
Patent No. 4 762 618 describes further components which can 
be included in the device according to the present inven- 
tion. 

15 WO 91/09229 discloses a peristaltic pump, in which 

the pumping action is adjusted in dependence of the outer 
diameter of the tubing after a certain time period. The 
motor speed is adjusted for maintaining an approximately 
constant flow rate of infusion. 

20 A peristaltic pump of the dialysis machine GAMBRO 

AK 100 is provided with a pump segment included in a set of 
tubings, which is exchanged at each treatment. During one 
treatment, a patient is connected to the set of tubings by 
a fistula needle. The blood of the patient is taken out 

25 into an extracorporeal circuit and passes the pump segment 
of the peristaltic pump. 

Such set of tubings are made of inexpensive PVC- 
material. Thus, the diameter of the pump segment can vary 
considerably, due to manufacturing tolerances. Moreover, a 

30 pump segment having the same outer diameter can have 
different inner diameter, due to different wall thickness. 
Still further, a pump segment having the same internal 
diameter can have different flow resistance, due to 
different inner surface roughness or other dimension 

35 alterations. 
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In order to take account for pump segments having 
different properties, it is necessary to calibrate the 
peristaltic pump for each new pump segment used. This will 
mean that the peristaltic pump will need to be recalibrated 
5 for each treatment. 

Before each treatment, the set of tubings and the 
dialyzer are primed with a sterile priming solution. More- 
over, the part of the dialyzer being connected to the 
dialysis solution is primed with ordinary dialysis solution 
10 and a transmembrane pressure is supplied for testing the 
dialyzer. 

DISCLOSURE OF THE INVENTION 

According to the present invention there is provided 

15 a method of calibrating a peristaltic pump intended to be 
used in connection with a medical machine comprising an 
internal fluid flow meter. The peristaltic pump includes a 
replaceable pump segment and propelling means for advancing 
a fluid or liquid inside the pump segment. According to the 

20 invention, the method comprises introducing a fluid to said 
pump segment, when placed in position in said propelling 
means; pumping said fluid by said peristaltic pump at a 
constant revolution rate of said propelling means; obtain- 
ing and measuring at least one adjusted inlet pressure to 

25 said pump segment; and measuring the fluid flow rate 
through said pump segment during said adjusted inlet 
pressure by said internal fluid flow meter of the medical 
machine, for obtaining at least one calibration pair 
values. Preferably, at least three calibration pair values 

30 are obtained and a calibration curve is calculated from 
said calibration pair value or values for the relationship 
between the fluid flow rate and inlet pressure at said 
constant revolution rate, whereupon the actual fluid flow 
rate is obtained from said calibration curve based on the 

35 actual inlet pressure and the actual revolution rate of the 
propelling means. 
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According to one embodiment of the invention, the 
fluid flow from the outlet of the peristaltic pump, during 
said at least one adjusted inlet pressure, is introduced 
into the medical machine for obtaining said fluid flow rate 
5 from said internal fluid flow meter of the medical machine. 
An adjustable throttle valve supplies said adjusted inlet 
pressures. 

In another embodiment, the inlet flow to said pump 
segment is obtained from an outlet of said medical machine, 

10 said inlet flow rate being mesured by said internal flow 
meter of said medical machine. In this case, the adjusted 
inlet pressures are obtained from an internal pump of said 
medical machine, said internal pump being operated so as to 
provide said inlet pressures, or altenatively by an 

15 adjustable throttle valve. 

Preferably, said medical machine is a dialysis 
machine comprising at least one internal fluid flow meter. 

The flow through a pump segment also changes over 
time, calculated from the start of treatment. This time is 

20 measured and the actual determined fluid flow is 
compensated for the time. Alternatively, the calibration is 
performed after the laps of a certain time, for example 
after more than 15 minutes, preferably after more than 30 
minutes. 

25 The invention also relates to a medical machine for 

carrying out the method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view of a dialysis machine 
30 adapted for priming. 

Fig. 2 is a diagram showing calibration curves for 
pump segments of five different brands. 

Fig. 3 is a diagram showing the same pump segments 
dependency on time. 
35 Fig. 4 is a schematic view similar to Fig. 1 and 

shows a first embodiment of the present invention. 
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Fig. 5 is a schematic view similar to Fig. 4 and 
shows a second embodiment of the invention. 

Pig. 6 is a schematic view similar to Figs. 4 and 
shows a third embodiment of the invention. 
5 Fig 7 is a schematic view similar to Fig. 4 and 

shows a fourth embodiment of the invention 

Fig. 8 is a schematic view similar to Fig. 7 and 
shows a fifth embodiment of the invention. 

Fig. 9 is a schematic view similar to Fig. 8 and 
10 shows a sixth embodiment of the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Fig 1 is a schematic diagram of a dialysis machine 
provided with a set of tubings and a dialyzer as set up 
15 before the start of a treatment for priming purpose. 

The dialysing machine can be GAMBRO AK 100 intended 
for hemodialysis. Only those parts and details which are 
necessary for understanding the present invention are shown 
in Fig 1. 

20 The dialysis machine 1 comprises an inlet 31 for 

dialysis solution leading to an inlet pump 20. Then, the 
dialysis solution passes through a flow meter 19 for 
measuring the fluid flow rate. From the flow meter 19 , the 
dialysis solution is emitted through a dialysate outlet 32. 

25 From dialysate outlet 32, the dialysis solution is 

passed through a dialyzer 2, as explained in more details 
below, and back to a return inlet 33. From the return inlet 
33, the dialysis solution passes through a second flow 
meter 18 and a pump 21 to a waste outlet 34. The spent 

30 dialysis solution is given off through waste outlet 34 to 
a waste. 

The dialyzer 2 comprises two compartments, a first 
of which 3 is intended to comprise blood, and a second of 
which 4 is intended to comprise a dialysis solution. The 
35 second compartment 4 has one inlet 7 and one outlet 8, 
which are connected to dialysate outlet 32 and return inlet 
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33 via hoses 5 and 6. The first compartment 3 has one inlet 
11 and one outlet 12. Inlet 11 and outlet 12 are connected 
to a patient via a set of tubings 14 ended by needles 35 
and 37. 

5 The set of tubings comprises a first hose 42 

connecting needle 35 to the inlet of a peristaltic pump 
segment 36, the oulet of which being connected to the inlet 
11 of dialyzer 2 via a second hose 43. The outlet 12 of 
dialyzer 2 is connected to a drip chamber 38 and further to 
10 needle 37 via a third hose 44. The drip chamber 38 is 
intended for ensuring that no air is delivered to the 
patient. 

Before using the dialysis machine provided with the 
set of tubings and dialyzer, it is necessary to prime the 

15 parts. The priming takes place in the following way. 

The blood inlet needle 35 is connected to a con- 
tainer 40 comprising sterile priming solution. The priming 
solution is pumped via needle 35, blood tubing hose 42, 
pump segment 36, hose 43, inlet 11, dialyzer first compart- 

20 ment 3, outlet 12, drip chamber 38 and patient needle 37 to 
a waste 41. At the same time, dialysis solution is 
delivered to the second compartment 4 of the dialyzer 2 via 
solution inlet 31, pump 20, flow meter 19, outlet 32, hose 
5, inlet 7, second compartment 4 of dialyzer, outlet 8, 

25 hose 6, inlet 33, flow meter 18, pump 21, waste outlet 34 
to a waste. Usually pumps 20 and 21 are operated so that a 
low or negative pressure prevails in the second compartment 
4 creating a transmembrane pressure over the membrane 
between the first compartment 3 and the second compartment 

30 4 of the dialyzer 2. This transmembrane pressure generates 
an ultrafiltration flow through the membrane from the first 
compartment 3 to the second compartment 4. Thus, the outlet 
flow through outlet 8 of dialyzer 2 is larger than the 
inlet flow through inlet 7. The difference between those 

35 flows are measured by flow meters 18 and 19. 
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The dialyzer 2 is tilted and moved until all air has 
escaped from the dialyzer. At the same time, any loose 
particles within the dialyzer 2 or its connections are 
removed by the fluid flow. 
5 After priming, needles 35 and 37 are replaced by 

sterile needles and connected to the patient for taking out 
the blood of the patient into an extracorporeal circuit 
through the set of tubings, the peristaltic pump and the 
dialyzer. 

10 The blood flow rate through the extracorporeal 

circuit is, according to the prior art, calculated as a 
calibration factor multiplied by the revolution rate of a 
rotor 39 of the peristaltic pump 13. The calibration factor 
is determined on the basis of the internal diameter of the 

15 pump segment 36. 

The blood flow rate thus obtained will be in error 
if the inlet pressure to the peristaltic pump is low so 
that a substantial pressure difference is created over the 
peristaltic pump. Within the field of peristaltic pumps, it 

20 is known to take account of the pressure at the inlet of 
the pump segment and to adapt the calculated flow rate in 
dependence of the measured pressure, confer e.g. Danish 
patent application No. 74-4853 (Sandoz AG) . However, due to 
the manufacturing tolerances of a PVC pump segment, it is 

25 necessary to calibrate the pump segment each time a new 
treatment starts. 

According to the present invention, such calibration 
takes place by using the internal equipment of a dialysis 
machine (or other medical machine comprising a flow meter) . 

30 Fig. 2 shows how the fluid flow, given on the 

vertical axle, through pump segments of five different 
brands is heavily dependent on the pressure, given on the 
horizontal axle, upstreams of the pump at constant pump 
speed. Despite constant pump speed of 21 revolutions per 

35 minute, the flow drops heavily with reducing pressure 
upstreams of the pump. Large negative pressure upstreams of 
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the pump can occur if for example too narrow a needle is 
chosen or if the needle and/or blood tubes are blocked in 
some way between the patient and the pump. One reason for 
this can be that the negative pressure has a tendency to 
5 keep the pump segment pressed together even after the pump 
roll has passed. This effect is of course reduced if the 
pump segment has a large wall thickness and an elastic 
material is used. 

Fig. 3 shows how the fluid flow through one and the 

10 same pump segment is dependent on time. This figure also 
shows how the pump efficiency changes with time for pump 
segments of five different brands. 

One way of calibrating a peristaltic pump segment 
using a fluid flow meter internal of the dialysis machine 

15 is shown in Fig. 4. In this first embodiment, the dialyzer 
2 is disconnected, compared with Fig. 1, and hoses 5 and 6 
are connected to a safety by-pass circuit 9, including a 
pressure monitor 10. The dialysis machine is so adapted, 
that certain machine operations can only be performed when 

20 hoses 5 and 6 are connected to said by-pass circuit 9. Such 
operations are for example disinfection and cleaning of the 
machine and includes calibration of the peristaltic pump 
according to the first embodiment of the present invention. 

By-pass circuit 9 includes a second inlet connection 

25 15, which can be placed on the dialysis machine or be a T- 
connector at hose 6 or hose 5, as shown in Fig. 4. The 
connector 15 is connected to the outlet of the peristaltic 
pump segment. 

The inlet of the peristaltic pump segment is connected to 
30 the bag or container 40 comprising sterile priming solution 

as described in connection with Fig. 1. 

Furthermore, the pump segment comprises a connector 

16 for connection to a pressure meter positioned internal 

of the dialysis machine. Thus, the inlet pressure to the 
35 peristaltic pump can be measured by the internal pressure 

meter. The measured pressure is fed to a control and/or 
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monitoring circuit 25, which also includes an inlet for 
rotor speed of the perstialtic pump. 

The dialysis machine is now operated so that a 
certain dialysate priming flow is passing inlet 31, pump 
5 20, fluid flow meter 19, dialysate outlet 32, by-pass 
circuit 9, return inlet 33, fluid flow meter 18, pump 21 to 
waste outlet 34. Pumps 20 and 21 are driven so as to 
provide a predetermined pressure corresponding to normal 
outlet pressure for the peristaltic pump during normal 
10 operation, for example a positiv pressure of about 200 mm 
Hg. 

The peristaltic pump is operated at a certain 
constant revolution rate, whereby sterile solution is 
pumped from container 40, through pump segment 36 to 

15 connector 15 and then through fluid flow meter 18 to the 
waste outlet 34. The dialysis machine measures a fluid flow 
differential between fluid flow meters 19 and 18, and the 
differential is the addition from the peristaltic pump. At 
the same time, the pressure at the inlet of the peristaltic 

20 pump segment is measured. 

The measured pair of values are stored in the calcu- 
lating circuit 25, which usually is a computer of the 
dialysis machine. Then, the inlet pressure is changed and 
new pairs of measured values of the fluid flow and the 

25 inlet pressure is stored. The procedure is repeated until 
sufficient number of pairs of measured values are obtained. 
The computer calculates a calibration curve, which then is 
used for determining the actual fluid flow during subse- 
quent operation of the dialysis machine. 

30 The different inlet pressures can be obtained in 

different ways. Thus, it is possible to alter the height 
position of the container 40, thereby to obtain different 
inlet pressures as suggested by arrow 24. Usually, it is 
desired to have negative pressures, and it is not possible 

35 to lower the container 40 too much. In order to have a more 
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convenient adjustment of the inlet pressure, an adjustable 
throttle valve 23 is used as shown in Fig. 4. Preferably, 
the throttle valve is positioned at the medical machine and 
is controlled by said machine. Alternatively, it is 
5 possible to place the throttle valve at the inlet hose 42. 
whereby the valve can be adjusted manually or 
automatically. 

The method according to the first embodiment can be 
used in connection with initial filling up of the dialysis 
10 machine, when no dialyzer is connected. 

In a second embodiment shown in Fig. 5, the calibra- 
tion is performed during priming of the dialyzer as shown 
and described in connection with Fig. 1. However, the 
outlet from the dialyzer 12 is not fed to a waste 41 but 
15 connected to an inlet connector 15' of the dialysis machine 
adjacent return inlet 33. The connector 15' is shown in 
Fig. 5 as a T-connector of hose 6. 

The operation of the second embodiment is the same 
as for the first embodiment, but has the advantage that the 
20 dialyzer 2 is ready for use after the priming combined with 
calibration of the peristaltic pump. 

It is also possible to use the dialysis solution 
from the dialysis machine for calibrating the peristaltic 
pump. A third embodiment of the invention is shown in Fig. 
25 6. This embodiment is similar to the embodiment according 
to Fig. 4, but the inlet to the peristaltic pump is 
connected to the T-connector 15. The outlet from the 
peristaltic pump is connected to a waste 41. 

In this third embodiment, the pumps 20 and 21 of the 
30 dialysis machine are driven so as to provide a certain 
negative pressure at the by-pass circuit 9 where the inlet 
to the peristaltic pump is connected. The peristaltic pump 
is started and takes out a fluid flow from the dialysate 
flow. Thus, fluid flow meter 18 shows a lower fluid flow 
35 rate than fluid flow meter 19 and the difference is the 
fluid flow to the peristaltic pump. The pressure between 
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pumps 20 and 21 is equal to the inlet pressure to the 
peristaltic pump. Thus, the computer of the dialysis 
machine is provided with pair of values of fluid flow rate 
and inlet pressures for obtaining a calibration curve. 
5 In this embodiment, it is possible to adjust the 

inlet pressure continuously from a small positive pressure 
to a substantial negative pressure for obtaining the entire 
calibration curve. The calibration procedure can be 
repeated for several revolution rates for the peristaltic 

10 pump rotor to have several sets of calibration curves. 

Alternatively, the negative pressure can be obtained 
with and adjusted by means of an adjustable throttle valve 
23 as mentioned above. 

Fig. 7 shows a fourth embodiment of the invention 

15 where the calibration takes place during the priming of the 
dialyzer as in Fig. 5, but using the method of Fig. 6. 

It might be impossible to use the dialysate for 
calibrating the peristaltic pump segment if it cannot be 
assured that the dialysate is completely sterile, since the 

20 pump segment subsequently will be used for passing blood in 
an extracorporeal circuit, which must be sterile. 

However, certain dialysis machines have an outlet 
for sterile filtered solution used for infusion during 
hemofiltration or hemodiafiltration, either post- or 

25 preinfusion. Such a dialysis machine is for example GAMBHO 
AK100 ULTRA. 

According to a fifth emodiment of the invention 
shown in Fig. 8, the dialysis solution used for priming and 
calibration is first passed through a sterile filter. The 

30 dialysis solution through inlet 31 is passed via pump 20 
and fluid flow meter 19 to a sterile filter 45, which can 
be a hollow fibre filter or any other filter having a 
membran capable of passing solutes having a low molecular 
weight while preventing bacteria and endotoxins from 

35 passing the membrane. 
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The filtered dialysis solution is emitted through 
a sterile solution outlet 46 and usually added to an 
infusion inlet of the drip chamber. A preinfusion is 
performed by adding the sterile filtered dialysis solution 
5 adjacent inlet 11. 

The fifth embodiment of the present invention 
includes using the sterile filtered solution for priming 
the dialyzer 2 and calibrating the peristaltic pump 
segment. This fifth embodiment is shown in Fig. 8 and 
10 corresponds in all essentials to the fourth embodiment 
shown in Fig. 7, but the sterile filter 45 has been added. 
The operation is obvious from the above description. 

A sixth embodiment of the invention is shown in Fig. 
9 and comprises a dialyzer 2' used for hemof iltration, a so 
15 called hemofilter. Such a hemofilter lacks inlet 7 for 
dialysis solution and an ultrafiltrate is taken out from 
the blood through outlet 8'. The ultrafiltrate is 
compensated by addition of substitution solution from 
sterile filtered outlet 46 as mentioned above. Said 
20 hemofilter is primed by dialysis solution from sterile 
filtered outlet 46. According to the sixth embodiment, the 
outlet 12 from the hemofilter 2' is fed to the inlet of the 
peristaltic pump. Thus, the difference between flow meters 
19 and 18 is the flow through the peristaltic pump. By 
25 means of pumps 20, the inlet pressure to the pump segment 
can be adjusted. Pump 21 controls the transmembrane 
pressure. Alternatively, the throttle valve 23 can adjust 
the inlet pressure. The further operation is obvious from 
the above given description. 
30 During some types of dialysis, such as single needle 

dialysis and for infusion of substitution solution during 
hemofiltration, a second peristaltic pump is used for such 
purposes. Such second pump can be calibrated in the same 
way as described above. 
35 It is noted that the peristaltic pump segment is 

calibrated according to the invention while using a priming 
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solution comprised in a container 40 or a dialysis solution 
from the dialysis machine • It is noted that blood usually 
is much more viscous than such solutions. However, the 
calibration curve is essentially independent of which fluid 
5 is pumped as soon as it is non-compressible, since the 
variation due to different inlet pressures mainly is 
dependent on the fact that the pump segment is not returned 
to its circular shape after each pump stroke. Thus, the 
calibration curve is mainly a property of the material and 

10 dimensions of the pump segment proper. 

It is noted that the calibration curve will change 
with time as shown and described with reference to Fig. 3. 
Such dependency is believed to be mainly dependent on 
fatigue in the material. It is also known that the elastic- 

15 ity of most plastic materials is very dependent on the 
temperature. Thus, it is prefered to perform the calibra- 
tion at a temperature close to 37 degrees Celsius. 

Such a temperature is easily achieved in the embodi- 
ments according to Figs. 6, 7 and 8. In the embodiments 

20 according to Figs. 4 and 5, such temperature can be 
obtained by heating the priming solution in container 40. 

In order to obtain a calibration curve, the calibra- 
tion pair values are compared to known calibration curves 
stored in the medical machine and the most correct 

25 calibration curve is selected. To select a correct curve, 
it is sufficient to have two pairs of values. One of the 
pair values can be given by the manufacturer for the actual 
type of pump segment, although measured values are 
preferred. 

30 Generally, the calibration curve is a second degree 

curve and it can be approximated by using three different 
pair values (of which one can be given by the 
manufacturer) • 

It is possible to take several measured pair values 

35 for the same input pressure and calculate the mean value 
thereof for increasing the probability of having the 
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correct calibration curve. Finally, as described in 
connection with Fig. 6, it is possible to obtain the entire 
calibration curve or set of calibration curves by 
continuously adjusting the inlet pressure and measure the 
5 corresponding fluid flow. Further alternatives are obvious 
to a skilled person. 

Account is also taken for the dependency of the 
fluid flow by time. Such adjustment is less dependent on 
different properties of the actual pump segment used but is 
10 more constant for the actual brand of pumps segment and is 
furthermore rather small, such as less than about 5%. Thus, 
values obtained from a data sheet can be used for such 
compensation. 

It is evident from Fig. 3 that the decrease in fluid 
15 flow is obtained after about 60 minutes and for some types 
even earlier, such as after 30 minutes. By performing the 
calibration after that the decrease has substantially 
occured, such as after 15, 30 or 60 minutes, the time 
dependency can be neglected. 
20 The actual fluid flow through the peristaltic pump 

during operation of the medical machine, can be obtained by 
measuring the inlet pressure and revolution rate of the 
peristaltic pump. From the calibration curves, an actual 
fluid flow can be determined. Such actual flow can be shown 
25 on the medical machine on a display thereof. Alternatively, 
said actual flow can be fed to a control device adapted to 
adjust the peristaltic pump to obtain a desired fluid flow. 
Further possibilities are obvious to a skilled person. 

As mentioned above, the invention is particurlarly 
30 intended to be used at dialysis. Some dialysis machines, 
such as GAMBRO AK100, has an internal fluid flow meter 
directly measuring the fluid flow by using a magnetic field 
and measuring the electric properties of the fluid flow 
under influence of said magnetic field. Other dialysis 
35 machines have other types of fluid flow meters using other 
physical properties for measuring the fluid flow. Still 
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further dialysis machines have constant deplacement pumps 
for measuring the fluid flow and simultaneous pumping the 
fluid, i.e. generating a pressure. All such types of "flow 
meters" are intended to be within the definition of the 
5 claims. 

The invention is of course not limited to the 
embodiments described above, but can be varied within the 
scope of the appended patent claims. Different combinations 
of features and properties from the described embodiments 

10 can be used. It should hereby be observed that a dialysis 
machine ordinarily contains a large number of components 
apart from those shown schematically in the figures. 
Additionally account can also be taken of further operative 
factors apart from those mentioned above. For example the 

15 height difference between the pressure meter 16 and the 
safety coupling 9 can also be taken into account. 
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CLAIMS 

5 1. A method of calibrating a peristaltic pump 

intended to be used in connection with a medical machine 
comprising an internal fluid flow meter, said peristaltic 
pump including a replaceable pump segment and propelling 
means for advancing a fluid inside the pump segment, 
10 characterized by 

introducing a fluid to said pump segment, when 
placed in position in said propelling means; 

pumping said fluid by said peristaltic pump at a 
substantially constant rate of said propelling means? 
15 obtaining and measuring at least one adjusted inlet 

pressure to said pump segment; 

measuring the fluid flow rate through said pump 
segment during said at least one adjusted inlet pressure by 
said internal fluid flow meter of the medical machine, for 
20 obtaining at least one calibration pair value. 

2. Method according to claim 1, characterized by 
obtaining at least three calibration pair values, 

of which one can be obtained from a data sheet; 

calculating a calibration curve from said calibra- 
25 tion pair values for the relationship between the fluid 
flow rate and inlet pressure at said constant revolution 
rate ; 

determining the actual fluid flow rate from said 
calibration curve based on the actual inlet pressure and 
30 the actual revolution rate of the propelling means. 

3. Method according to claim 1 or 2, characterized 
by compensating the calibration curves for time dependency 
thereof, by a standard value compensation obtained from 
data sheets, or by performing the calibration after the 

35 laps of a certain time period of at least 15 minutes, 
preferably at least 30 minutes. 
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4. Method according to claim 1, 2 or 3, 
characterized by introducing, during said adjusted inlet 
pressure, the fluid flow from the outlet of the peristaltic 
pump into the medical machine for obtaining said fluid flow 

5 rate from said internal fluid flow meter of the medical 
machine. 

5. Method according to claim 1, 2 or 3, 
characterized by obtaining, during said adjusted inlet 
pressure, the inlet flow to said pump segment from an 

10 outlet of said medical machine, said inlet flow rate being 
mesured by said internal flow meter of said medical 
machine . 

6. Method according to claim 5, characterized by 
obtaing said adjusted inlet pressure from an internal pump 

15 of said medical machine, said internal pump being operated 
so as to provide said inlet pressures. 

7. Method according to claim 4 or 5, characterized 
by obtaing said adjusted inlet pressure by means of an 
adjustable throttle valve. 

20 8« Method according to anyone of the previous 

claims, characterized in that said medical machine is a 
dialysis machine. 

9. Medical machine for performing the method of 
anyone of claims 1-8, comprising an internal fluid flow 
25 meter and a peristaltic pump including a peristaltic 
propelling means for cooperation with a peristaltic pump 
segment to be introduced in said propelling means, 
characterized by 

a first hose (42) for connection of the inlet of the 
30 pump segment to a source of a solution, 

a second hose (43) for connection of the outlet of 
the pump segment to a waste, 

means (20,23,16) for obtaining and measuring at 
least one adjusted inlet pressure to said pump segment (36) 
35 during pumping by said peristaltic pump at a substantial 
constant rate of said propelling means (39) ; 
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means (18,19) for measuring the fluid flow rate 
through said pump segment during said adjusted inlet 
pressure by said internal fluid flow meter. 

10. Medical machine according to claim 9, 
5 characterized by 

calculation means (25) for calculating a calibration 
curve from said pair or pairs of measured values of inlet 
pressure and fluid flow rate; 

determination means (25) for determining the actual 
10 fluid flow rate from said calibration curve based on the 
actual inlet pressure and the actual revolution rate of the 
propelling means. 

11. Medical machine according to claim 9 or 10, 
characterized in that said second hose (43) is connected to 

15 an inlet (15) of the medical machine leading to said fluid 
flow meter (18,19) and further to a waste. 

12. Medical machine according to claim 9 or 10, 
characterized in that said said first hose (42) is 
connected to an outlet (15) of the medical machine and the 

20 outlet flow being measured by said internal fluid flow 
meter (18,19). 

13. Medical machine according to anyone of claims 
9-12, characterized in that said inlet of the pump 
segment or said first hose comprises an adjustable throttle 

25 valve (23) for adjusting the inlet pressure to the pump 
segment to said adjusted inlet pressure. 

14. Medical machine according to claim 12, 
characterized in that said medical machine comprises means 
(20,21) for adjusting the pressure at said outlet (15), 

30 whereby the pressure to the inlet of the pump segment is 
adjusted. 

15. Medical machine according to anyone of claims 
9-14, characterized in that said medical machine is a 
dialysis machine. 
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